Abstract-Functionality type distributions of macromomoners with poly(ethylene oxide) and poly(propy lene oxide) chains are studied by chromatography under critical conditions. It is shown that, in the critical separation mode, separation of macromolecules with respect to size disappears and only information on the functionality type distributions of the test samples may be derived. The critical conditions are determined experimentally with a normal phase (unmodified silica gel) for poly(propylene oxide) and with a reversed phase C 18 for poly(ethylene oxide). The experimental retention volumes for bifunctional macromolecules are in satisfactory agreement with the values calculated under approximation of the Gaussian chain model.
1 The functionality type distribution (FTD) deter mines the relative content of macromolecules with dif ferent numbers and types of functional groups in an oligomer. This is one of the fundamental characteris tics determining the reactivity of oligomers and the desired physicochemical and mechanical properties of the related polymers.
The aim of this study was to investigate the FTDs of macromonomers with poly(ethylene oxide) (PEO) and poly(propylene oxide) (PPO) chains by exclusion liquid chromatography (ELC) via separation under critical conditions [1] on normal (PPO) and reversed (PEO) phases. PEO and PPO macromonomers were prepared via ring opening anionic polymerization of corresponding α oxides.
As was shown in [2] [3] [4] , in the synthesis of PEO macromonomers, the desired and side reactions result in formation of macromolecules with the recorded number of СН=СН 2 , ОСН 3 , and ОН end groups. The combination of three differ ent groups at chain ends gives six possible functional ity types of macromolecules: СН 2 =СН OСН 3 , СН 2 =СН OН, СН 2 =СН CН=СН 2, НО OН, НО OСН 3 , and СН 3 О ОСН 3 . However, in accor dance with the scheme of polymerization involving side reactions, formation of СН 3 О ОСН 3 macro molecules is highly improbable; in what follows, these structures will not be taken into consideration. In addition to linear macromolecules, a few rings may be formed.
A similar behavior was observed for PPO mac romonomers containing OC 4 H 9 end groups instead of OCH 3 groups. The presence of the critical region in ELC at the boundary between adsorption and exclusion separation modes, where the division of macromolecules over molecular mass disappears, makes it possible to obtain exclusive information on the FTDs of the samples [5] .
During chromatographic separation under critical conditions, the distribution coefficient for homopolymer macromolecules, , is unity, regardless of their size.
In the case of macromolecules with end groups, only configurations in which macromolecule ends interact with the surface contribute to the difference in distribution coefficients. In the case of monofunc tional macromolecules under critical conditions, this circumstance results in the following expression [5, 6] :
where a is the segment size (Å), D is the pore size (Å), , and ε f and ε cr are the effective energies of interaction (in RT units) of end segment and chain segment with the adsorbent surface. For bifunctional macromolecules, the corresponding expression is more complex and different for narrow (R > D) and wide (R < D) pores (R is the macromonomer size) [6] . In narrow pores, the position of end groups is statisti cally independent; therefore,
In wide pores, the correlation in the arrangement of end groups in a configuration where both groups are located on the surface should be taken into account. For the Gaussian chain at the critical point, we arrive at the following relationship
Here, N is the degree of polymerization. It is important that, at the critical point in wide pores , the dependence of retention volume on the size of molecules for bifunctional polymers does not disappear. For the samples investigated in this study (Tables 1, 2) , the separation conditions more likely correspond to wide pores, that is, D > R, and, for bifunctional macromolecules with the adsorbed end groups, the dependence of retention volume on molecular mass should be expected.
The retention volume, which is determined exper imentally in chromatography, is related to the distribu tion coefficient as follows: , (4) where V 0 is the volume of interparticle space, equal to the volume of the mobile phase in a column, and V p is the pore volume, equal to the volume of the stationary phase.
On the basis of retention volumes of functionality free macromolecules, , and of monofunctional macromolecules, , as well as Eqs. (1)- (4), the retention volume of bifunctional macromolecules, , can be estimated:
The critical conditions for every macromonomer and adsorbent were determined experimentally through a change in the composition of the mobile phase (binary solvent), in which different components are responsible for exclusion and adsorption separa tion modes.
In spite of the similar structures of PPO and PEO macromonomers, the critical conditions on the nor mal phase can be implemented only in the case of PPO. The critical conditions for PPO macromono mers were implemented with the eluent composition THF : ethyl acetate = 3 : 97 (vol %). The sample with a concentration of С = 0.04-0.05 g/mL was prepared in a solvent of the critical composition and put into the feeder loop. Figure 1 shows the typical chromatograms of PPO macromonomers and the separation condi tions. Macromolecules with nonpolar groups at one end or both ends are not separated (see Table 1 ).
For the FTDs of the PEO macromonomers to be determined, the reversed phase must be used. Figure 2 exhibits the chromatograms of the samples of PEO macromonomers and the separation conditions. In contrast, on the reversed phase, macromolecules with polar groups at both chain ends are not separated ( Table 2) .
The interpretation of chromatograms is evident. Because separation with respect to molecular mass is absent or insignificant (in the case of bifunctional macromolecules), the chromatographic peaks corre spond to different functionality types. The peak areas in the chromatograms are proportional to the mass fraction of macromolecules of corresponding func tionality types. The effect of the end group and molec ular mass on the refractive index increment of the refractometric detector may be disregarded.
The accuracy of determination of the weight frac tion for macromolecules of a given functionality depends on the accuracy of integration and stability of the detector base line. (The relative error is below 5%.) With the use of Eqs. (1)-(5), the retention times for 
